Negative ion based neutral beam injection system is one of the promising candidates for plasma heating and current drive of magnetic fusion reactors. The negative ion source which can produce negative ion beams with high power and long pulse is the key component for this system. One of the key issues for the design and development of such negative ion sources is to clarify negative ion trajectories. Especially, to understand the physical mechanism of the beam halo formation in the negative ion sources is inevitable for the suppression of the heat loads in the accelerator.
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In this study, the negative ion trajectories from the plasma meniscus to the accelerator are investigated to clarify the halo formation and analyze the beam halo in the accelerator quantitatively. The negative ion trajectories from the plasma meniscus to the extractor are calculated by using the 3D PIC code in which the plasma meniscus is calculated self-consistently without any assumptions. On the other hand, the negative ion trajectories in the accelerator are calculated by using the commercial software (Omnitrak, Advanced Science Laboratory, Inc.) with the boundary condition that the potential at the location of 20 mm away from the exit of the extractor is given to be 52.4 kV.
The physical mechanism of the halo formation reported in ref. [1] with the 2D PIC code is verified: The beam halo consists of the negative ions extracted from the periphery of the meniscus, while the beam core consists of the negative ions extracted from the center of the meniscus. The curvature of the meniscus becomes larger near the periphery. Therefore, the difference of negative ion extraction location results in a geometrical aberration, and then the beam halo.
